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System and method for processing a series of image frames representing a cardiac cycle 



The invention relates to a system for processing a series of image frames 
representing a cardiac cycle, at least comprising input or data collection means for collecting 
the series of image frames, a memory inter aUa for storing and retrieving said series of image 
frames, a processor for processing the frames, and display means, whereby in use the 
processor processes the frames to identify from said series of images a frame or frames 
representing a pre-determined phase of the cardiac cycle. 

The invention further relates to a method for processing a series of image 
frames representing a cardiac cycle in order to identify from said series of images a frame or 
frames representing a pre-detemiined phase of the cardiac cycle. 

Such a system and method are known from WO 01/82787, Generally it is 
required to identify the systoUc phase and the diastoUc phase of a heart under examination in 
order to be able to detennine further heart parameters such as the stroke volume, the ejection 
fraction and other parameters. Normally, the systolic phase and the diastoUc phase of the 
heart can be easily detennined by means of an ECG-signal. When, however, such an ECG- 
signal is not available or when it is not possible to avail of this ECG-signal the problem 
occurs that in order to be able to assess a variety of heart parameters it is a prerequisite that 
an accurate detennination of the systolic phase and the diastoUc phase of the heart are 
detennined. 

Although the invention is appUcable to the selection of the image frames that 
show the heart in its systoUc phase and in its diastoUc phase, the invention is not restricted to 
only this purpose but can be used to identify also other phases in the heart's cardiac cycle. 

WO 01/82787 relates to an automatic method for evaluating image data taken 
over a sequence of image frames in order to determine a contour of a left ventricle of a heart 
under examination. According to this known art end diastole and end systole aortic valve 
points are entered whereby an initial end diastole region/end systole region classifier is 
developed using a probabiUty look-up table. Also provided are training data determined from 
manually drawn contours of hearts of other mdividuals than the person under examination. 
Regression coefficients derived from the training data are then appUed to determine the end 
diastole boundary and the end systole boundary which can be used to calculate an ejection 
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fraction for the heart. This known method is complicated and requires much manual input in 
order to be able to obtain the diastole and systole boundaries of the heart. 

It is an object of the invention to provide a system which effectively identifies 
the frames that are representative for a predeteimined phase of the cardiac cycle of the heart 
under examination. A further object is that the manner of operation of this system may be 
automatic, will allow the ease of processing the series of image frames, and is simple to 
impl^ent. 

The invention is embodied in a method and system and furthermore in 
software and a data carrier comprising this software as specified in the appended claims. 

In a first aspect of the invention the system for processing a series of image 
frames representing a cardiac cycle is characterized in that the processor compares images 
from said series of image frames and estabUshes a measure of identity between such frames, 
whereby the processor appUes said measure of identity to identify the phase of the cardiac 
cycle pertaining to such frames. 

Practice has shown that the system according to the mvention provides robust 
means to identify the phase of the cardiac cycle which is of interest for the examination. 

A first preferred embodiment of the system according to the invention is 
characterized in that the processor compares consecutive frames from the series of images, 
and selects &om the series of images the firames showing the highest value of the measure of 
identity as pertaining to the systolic resting-phase and the diastoUc resting-phase of the 
cardiac cycle. Preferably the processor compares pairs of consecutive frames. 

Apart fixnn the property that the system according to the invention may cany 
out the identification of the concerning phase of the cardiac cycle completely automatic a 
fiurther property lies in that the determination of the different cardiac phases is easy. The 
phases are simply related to such frames that show the highest value of identity in case the 
most quiescent heart phases are intended to discover, i.e. the systoUc restmg-phase and the 
diastoUc resting-phase. If on the other hand one wishes to detect the heart phase with the 
most prominent motion one has to select in this embodiment the frames showing the lowest 
value of the measure of identity. 

In another preferred embodiment of the system according to the invention the 
processor compares each frame from said series with every other fi^e from the series of 
images, and selects a first frame and a second firame from said series of images showing the 
lowest value of said measure of identity, whereby the first frame and the second fi^ime are 
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identified to pertain to the systoUc resting-phase and the diastoUc resting-phase of the cardiac 
cycle. 

All embodiments of the system according to the invention allow to determine 
the phase of the heart under examination, for instance, the systolic phase and the diastolic 
phase from a series of image frames representing a complete cardiac cycle without the need 
to rely on fiirther measurements such as the ECG-signal. 

A further aspect is that the system can be ^plied on any type of image frames 
such as the image frames derived from a CT-scan. a MRI-scan or an ultrasound scan, 

although the system is particularly usefW when appUedonaseries of images that are deri^^ 
from a MRI-scan. When collecting a series of image frames with a MRI-scan the problem is 
that the ECG-signal that is otherwise available can not be used because the ECG corrupts the 
MRI-frames on the one hand, whereas on the other hand the ECG-signal is disturbed by the 
magnetic fields of the MRI-scan. 

In practice it appears that any suitable way of comparing the frames is 
feasible. The system according to the invention preferably however compares the frames by 
executmg a cross-correlation function with regard to such frames whereby it assigns the 
value resulting from said cross-correlation as representing the said measure of identity. 

In a further preferred embodiment the processor compares the image frames 

with referencetoandrestrictedtoapre-selected area ofthe images on the frames, mthis way 
the Identification of the sought for heart phase can be supported by a proper selection ofthe 
area which is used for comparison. 

Suitably the comparison is made by selecting the area which repi^ents the 
n^t coronary artery and its immediate sunxjundings. 

Hereinafter the invention will be fijrther elucidated with reference to the 
foUowing non-limiting exemplary embodiments of tiie system and method according to the 
mvention, and with reference to the annexed figures. 



Fig. 1 shows the system according to the invention. 

30 Fig. 2 shows results obtained with a first embodiment ofthe system according 

to the invention. 

Figs. 3 and 4 show two image frames selected from a series of image frames 
representing a complete cardiac cycle. 
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Fig. 5 shows the result obtained with a second embodiment of the system 
according to the invention. 



Referring now first to Fig. 1 the system for pro- cessing a series of image 
firames representing a cardiac cycle is indicated in general with reference nmneral 1. This 
system 1 at least comprises input or data coUection means 2 for collecting of image frames 
from the heart under examination. These image frames may be iiqjutted into the system 1 off- 
line or on-Une meaning that the input or data collection means may be a CT-scan-. a MRI- 
scan- or an ultrasound-scan apparatus, or the apparatus may be a memory device or a 
computer carrying the data fix)m the concerning scan. 

The said input or data collection means 2 are connected to a memory 3 which 
is inter alia intended for storing and retrieving the series of image frames. The memory 3 is in 
turn connected to a processor 4 for processing the frames and display means 5 which is 
intended to show results of the processing and/or the frames that are being processed. 

When the system 1 is in use the processor 4 processes the frames to identify 
from the series of image frames such frame or frames that represent a predetennined phase of 
the cardiac cycle. For this purpose the processor 4 compares images from the series of image 
frames and estabUshes a measure of identity between such frames whereby the processor 4 
appUes said measure of identity to identify the phase of the cardiac cycle to pertaining to such 
frames. 

In a first embodiment of the system 1 according to the invention the processor 
4 compares consecutive frames from the series of images and selects the frames showing 
within these series of images the highest value of the measure of identity as pertaining to the 
systoUc resting-phase and the diastolic resting-phase of the cardiac cycle. Preferably this is 
done such that the processor 4 compares pairs of consecutive frames. 

In an exemplary application of this first embodiment the system made use of a 
clinical 1.5 T-scannerof the make Gyroscan ACS-NTl 5 marketed by PhiHps Medical 
Systems. After completion of a multi-heart phase erne scan, the global cross-correlation 
within each pair of consecutive cine images was detennined by the system. Through this 
global cross-correlation fimction pertaining to the frames a direct measure of the differences, 
or in other words the measure of identity between successive images was detemuned and it ' 
was shown that this measure of identity represents a robust measure for the relative changes 
between the consecutive images. 
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Experiments were carried out on seven healthy volunteers and two- 
dimensional ECG-gated breath-hold series of image frames were obtained wherein the field 
of view measured 320 mm x 224 mm. Hiirty (30) heart phases were measured. A tr^ver^ 
onentation was chosen containing the intersection with the right coronary artery which 
proved to be preferable in view of the motion ampUtude of this part being larger than that of 
the left system of the heart. A comparison was made with the visuaUy determined rest periods 
of the right coronary artery and compared to the frame positions where a maximum of the 
correlation cvirves occurred. 

Fig. 2 shows the correlation graph for three selected volunteers in which the 
X-axis shows the development of a complete cardiac cycle and the Y-axis shows the 
correlation value depending on the frame position within the cardiac cycle. The visually 
derived rest periods corresponding to the end diastoUc and end systolic phase of the heart 
coincide with the frames that show the highest value of the measure of identity as determined 
by the cross-correlation function that the system according to the invention preferably 
15 £q)plies. 

In a second embodiment the processor 4 of the system 1 according to the 
invention compares each frame from said series of image frames with every other frame from 
the series and selects a first frame and a second frame from said series of images showing the 
lowest value of said measure of identity whereby the first frame and the second frame are 
identified to pertain to the systoUc resting-phase and the diastoUc resting-phase of the cardiac 
cycle. 

The results of the system working according to this embodiment arc shown in 
Figs. 3. 4 and 5. Figs. 3 and 4 show a human heart at different moments of the cardiac cycle. 
A typical cardiac cycle consists of at least thirty of such frames as shown in Figs. 3 and 4 
25 respectively. 

According to the invention each frame from the series of frames (such as the 
frames shown in Figs. 3 and 4) is compared with every other frame from the series offices 
and the result of the comparison is converted into a measure of identity. 

Fig. 5 shows the collected measures of identity for aU the possible 
30 combinations of pairs of frames from the series of frames representing a complete cardiac 
cycle, hx this particular case Fig. 5 shows on both the horizontal and the vertical axis aU 
ftames from one series of frames, numbered 1-30. resulting in a total of V,N.im-l) possible 
combinations m which i\^30 is the total number of frames. 



20 



wo 2004/054443 PCT/IB2003/005511 

6 

Fig. 5 Shows the result of the comparison whereby the white areas represent 
fuU identity between the two compared frames and the darker areas represent less 
correspondence between the compared frames. The darkest areas represent the least 
correspondence between the compared frames. 

Based on the above the areas marked with the arrows A and B relate to the 
combinations of frames showing the largest differences between the compared frames Based 
on this result the systoUc frame showing the contraction of the heart and the diastolic frame 
showhxg the heart in relaxed condition can be identified as frames 10 and 30 respectively. 

FinaUy, it is remarked that the invention is not restricted to use with MRI- 
scans only. It can easily well be applied with CT-scans. ultrasound .cans and any other scan 
that may be developed in future. 

The invention can fiirther easily well be applied with image frames from the 
heart taken from a perspective that differs from the frames shown in Figs. 3 and 4 
respectively. Tho invention is insensitive to the viewing direction at which the heart under 
examination is being monitored. In short: the invention is not limited to the specific 
embodiments discussed above. This discussion merely serves to elucidate the appended 
clauns without intending to limit the scope of protection of these claims. 



